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Abstract

Objective—To study different nutrients and
food additives as risk factors for insulin dependent
diabetes mellitus in childhood.

Design—Prospective case-control study. Parents
of the children being studied were asked to fill in a
questionnaire regarding the children’s frequency of
consumption of various foods. Parents of children
with diabetes were asked about the period before
onset of the disease.

Setting—Population based study
Sweden.

Subjects—339 Children aged 0-14 who had
recently developed insulin dependent diabetes
mellitus and 528 control children matched for age,
sex, and county of residence who were traced
through the official Swedish population register.

Main outcome measures—Foods were classified
according to their content of protein, fat, carbo-
hydrates, monosaccharides or disaccharides, nitro-
samines, nitrates or nitrites, vitamin C, and fibres.
The frequency of intake was categorised as high,
medium, and low and the relative risk for developing
insulin dependent diabetes was estimated for the
three frequencies of intake and calculated as odds
ratios.

Results—Significant linear trends for dose
response in odds ratios by frequency of intake were
shown for solid foods containing high amounts of
protein (odds ratio for low frequency of intake 1:0;
medium 2-3; and high 5-5), and nitrosamines (1-0;
1-7; 2-6) and significant but non-linear trends were
found for carbohydrates (1-0; 1-3; 4-4) and nitrates or
nitrites (1-0; 0-8; 2-4). The significant trends were
not affected when the results were standardised
for possible confounders. No significant increases
in odds ratios were found for protein, mono-
saccharides and disaccharides, vitamin C, and fibres.

Conclusion— Nutrients and food additives such as
protein, carbohydrate, and nitrosamine compounds
may influence the risk of developing insulin
dependent diabetes in childhood and significant
trends in odds ratios indicate a causal relation.

throughout

Introduction

Analyses of population based registries of childhood
insulin dependent diabetes mellitus have shown
an increasing incidence of this disease in several
countries.”” This fairly rapid increase and the finding
that the concordance of the disease among mono-
zvgotic twins is at the most 50%* suggest that environ-
mental factors play an important part in the aetiology
of the disease.

A recent analysis of social factors that were possible
determinants for tvpe I diabetes’ showed that the
mother’s age and education were associated with an
increased risk of childhood diabetes. These factors
might atfect the eating habits of the child." Experi-
mental studies on BB rats, which are prone to diabetes,
have shown a decreased incidence of diabetes when the
rat chow was manipulated." Furthermore, by specific-

ally reducing some protein components in the rats’ diet
the incidence of diabetes was decreased.” Another
study suggested that nitrosamines from smoked
mutton eaten by pregnant women, and thus passed on
to their fetuses, increased the incidence of type I
diabetes in their children.'* The toxicity of nitrosamine
compounds to the B cell has also been confirmed in
experimental studies in mice" and Chinese hamsters. "
We have investigated whether there were any differ-
ences in the food habits of diabetic children during the
period before onset of diabetes compared with control
children matched for age, sex, and county of residence.

Subjects and methods

The study was approved by the ethics committee
at the Karolinska Institute and the Swedish data
ispection board.

Under the Swedish system of health care all children
aged 0-14 with suspected diabetes are referred to a
paediatric department. Basic data on incident cases of
type I diabetes are reported to the Swedish Childhood
Diabetes Registry, as previously described.” The
register has been evaluated by both an internal and an
external source of validation and estimated to include
over 99% of the cases occurring.” We conducted a case-
control study from 1 September 1985 to 31 August
1986 covering all cases of diabetes reported to the
registry in children aged 0-14. For each diabetic child
two controls matched for age, sex, and county of
residence were traced through the official Swedish
population register. A questionnaire on food habits
was sent to the parents of all children in the study, but
thev were not told that we were studying diabetes. The
method for collecting the data has recently been
presented in detail."

The parents of both diabetic and control children
were asked if they had changed their food habits during
the three months before completing the questionnaire
and, if so, to describe their food habits before this
recent change. The section on food in the question-
naire was designed to assess frequency of consumption
and was similar to that used by Holm ez al.” The food
frequency form has been evaluated and compared with
seven day food records; no systematic differences were
found in the pattern of answering between diabetic
children and healthy controls matched for age.”™ The
trequency of intake of different foods was estimated by
recording the weekly intake of 36 foods individually;
the questionnaire had five different responses: a fre-
quency of 0, one, four, seven, 15, or 28 times a week.
(Porridge and stewed vegetables were excluded from
the analysis because nobodv had recorded eating
them.) Consumption of milk and sour milk was
combined as was consumption of fried and cooked
eggs. The individual foods were classified into groups
according to whether they contained nutrients of
special interest concerning diabetes—for example,
foods with a high content (>10 g/100 g) of carbo-
hydrates, protein, or fat according to data from the
Swedish national food administration.” Foods treated
with nitrate or nitrite as a preservative™ were also
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TABLE 1— Foods identified as having high contents of various nutrients and additives and frequency of consumption among diabetic and control children

Carbohydrate
(>10g/100 g)

Monosaccharide
or disaccharides
(>10g/100 g)

Nitrate or
nitrite

Protein Fat
(>10g/100g) (>10g/100g)

Nitrosaminest

Mean No of times
food consumed cach week

Fibres
(>4g/100g)

Vitamin C

(>10mg/100 g) Diabetic Control

Fresh green
vegetablest
Boiled vegetables
Fruits and berries
Boiled potatoest
Fried potatoest
. Root vegetables
(not potatoes)t
Pasta and ricef
Dark crisp bread}
White bread$
Buns and biscuits
Sweetst
Cheeset
Creamt
Ice cream
Fruit juicet
Lemonadet
Fish:
Boiledt
Fried
Smoked
Caviarand herringt
Meat:
Minced}
Boiled
Fried}
Sausagedf
Liver and pastef
Bacon
Smoked sausaget
Liver and kidney
Egg
Marmalade and jam
Sweet soups

Milkt
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*Meat products treated with nitrite solutions for preservation.’
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TABLE I1—Accuracy of discriminant analysis based on diet for
predicting whether children have diabetes

No (%) of children predicted to be

No of
children - Diabetic Non-diabetic
Diabetic children 339 237(70) 102 (30)
Control children 528 126 (24) 402 (76)

of interest as these compounds may be changed to
nitrosamines under special circumstances.”’ Foods
with a measurable content of nitrosamines were
also classified,” as were foods rich in vitamin C
(>10 mg/100 g), which may have a protective role
against the effect of nitrosamine compounds, and fibre,
which affects the rate of absorption of foods from the
gut.” The intake of milk was analysed separately as it is
not only a beverage but an important source of energy
in Sweden, being rich in protein, fat, and carbo-
hydrate. The frequency of intake of different nutrients
was then categorised according to the distribution of
intake in all the children studied; low intake was
classified as that <25th centile of frequency of intake,
medium intake as that in the 25th to 75th centile, and
high intake as that >75th centile.

Copies of the questionnaire are available from the
authors.

STATISTICS

To avoid losing precision during the analysis the
matching was disregarded because we had previously
found that the ratios between the relative risk from
matched and unmatched data for the important asso-
ciations were close to one.”* The overall characteristics
of frequency of consumption of foods and meal
patterns for the two groups of children were evaluated
by discriminant analysis.* Odds ratios for the risk of
developing diabetes and 95% confidence intervals were
calculated according to the method described by
Miettinen.” To control for possible confounding,
standardised odds ratios and 95% confidence intervals

19 may 1990

+Foods shown to contain measurable amounts of nitrosocompounds.*'

$Foods included in the discriminant analysis.

were calculated. A possible trend in dose response was
analysed using the Mantel-Haenszel extension test,
and a ’ test was used to analyse the homogeneity in the
trend between different degrees of consumption. The
analyses were performed using the QUEST software
developed for the Swedish Medical Research Council
by L Gustafsson, University of Umea, Sweden.

Results

Completed questionnaires were returned by the
parents of 339 (87%) children with diabetes and 528
(67%) control children. There were no systematic
differences between the children for whom a question-
naire was returned and those for whom one was not
with regard to age, sex, and county of residence.
Almost all the questionnaires were completed by the
children’s mothers, only 61 (7%) being returned by
fathers.

Table I shows the nutrient and additive contents of
various foods and their weekly frequency of intake
by the diabetic and control children. Discriminant
analysis was used to select the “discriminating”
variables, which are indicated in the table. These 21
foods were then used to predict whether the children
were in the diabetic or control group (table II). The
prediction was correct in 659 (73-7%) children.

Table III gives the crude odds ratios and 95%
confidence intervals for insulin dependent diabetes
mellitus for different frequencies of intake of milk and
foods high in nutrients or additives that may be
associated with diabetes. Significant trends were noted
for frequency of intake of solid foods rich in protein,
fat, carbohydrate, monosaccharides or disaccharides,
and for foods containing nitrosamines and nitrates or
nitrites. The trends were non-linear for carbohydrates
and nitrates or nitrites. For milk alone a slight decrease
in odds ratio was noted, whereas the combined effect of
milk and milk products (cheese, cream, ice cream) had
no effect on the odds ratio.

Most nutrients classified as rich in proteins are also
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TABLE 111 — Crude odds ratios (95% confidence intervals) for risk of developing diabetes in childhood according to various frequencies of intake of

different nutrients and potentially toxic agents

Odds ratio (95% confidence interval)

Low Medium

High p Value for p Value for

(<25c¢m (25th-75th (>75th Low v medium trend in departure from

centile) centile) centile) and high odds ratio lincarity
Protein 1-0 2:34(1-58 103:45)  5:49(363108:28) 3-23(2:25104°62) <0-0001 0-57
Fat 1-0 1496 (1:34102-86) 4:93(3-26107-46)  2:69(1-89103-83) <0-0001 0-20
Carbohvdrates 1-0 1133091 t01-93)  4-35(2:'89106°56) 203 (1-43102-88) <0-0001 <0-0001
Monosaccharides or disaccharides 1-0 1-44(1-:00102-08)  2:90(1'95t04-33) 1-87(1-33102:63) <0-0001 0-17
Nitrosamines 1-0 1:73(1-:23102:44)  2-56(1'83103-59)  2-11(1-59 10 2-80) <0-0001 0-72
Nitrates or nitrites 1-0 0:84(0-:59101-19)  2:41(1°64103-54) 1-24(0:90t0 1-71) <0-0001 <0-0001
Fibre 1-0 0-55(0-37100-81)  0-84(0-61t01:16) 0:73(0-54100-99) 0-51 0-003
Vitamin C 1-0 0:79(0-56 0 1-13)  1-54(1-06102:23)  1:04(0-75t0 1-42) 0-02 0-002
Milk 1-0 0-54(0-38100:77)  0:67(0-47100-95)  0:60 (0-45 t0 0-80) 0-01 0-02
Milk and milk products 1-0 0-95(0:67to 1-34)  1-:02(0-69to 1-:51)  0-98(0-71t0 1-34) 0-88 0-66

rich in fat (see table I). A separate analysis was
therefore performed for protein as a risk factor when
standardised for intake of fat. The Mantel-Haenszel
risk estimates for a medium intake of protein were
1-71 (p=0-02) and for a high intake 3-03 (p<<0-001),
and the Mantel-Haenszel extension tests was still
highly significant (p<<0-0001). When a similar analysis
was performed for fat as a risk factor when standard-
ised for frequency of intake of protein the Mantel-

* Haenszel risk estimates were 1-18 (p=0-46) for

medium intake of fat and 1-62 (p=0-22) for high intake
of fat. Thus, protein rather than fat seemed to be
the risk factor for insulin dependent diabetes when
children had a high frequency of intake of meat
products.

Foods rich in nitrosamines are also rich in protein
(see table I). The odds ratios for nitrosamines were
therefore stratified for different levels of protein intake
(table IV). Nitrosamines remained significant risk

TABLE IV—Odds ratios for insulin dependent diabetes for different
frequencies of intake of food comtaining nitrosamine compounds
stratified for different frequencies of protein intake

Odds ratio
(95% confidence
Protein intake Nitrosamine intake interval)
Low 1-00
Low Medium 1:36 (0-59 t0 3-18)
High
Low 1-00
Medium Medium 1-:27(0-79 10 2-04)
High 1-41(0-82 10 2:42)
[ Low . 1-00
High Medium 2-08 (0-94 t0 4-60)
High 2-12(1'11 10 4-04)

* Reference value.

factors for insulin dependent diabetes and the Mantel-
Haenszel risk estimates when protein was taken into
account was 1-43 (p=0-05) for medium exposure
and 1-53 (p=0-04) for high exposure. The Mantel-
Haenszel extension test was still significant (p=0-03).
The trend of odds ratios for carbohydrates was
significant but non-linear. Monosaccharides and di-
saccharides, which are often tied with carbohydrates,
were analysed stratified according to level of intake of
foods rich in carbohydrates. The Mantel-Haenszel risk

ratio then fell to 1-03 (p=0-87) and 1-18 (p=0-66) for
medium and high levels of intake of monosaccharides
and disaccharides respectively. Thus carbohydrates
but not monosaccharides or disaccharides may be risk
factors for insulin dependent diabetes.

A similar analysis was performed for vitamin C, the
effect of which could be confounded by the effect of
vegetables rich in nitrates or nitrites. The effect of
vitamin C totally disappeared when stratified for
nitrates or nitrites giving a Mantel-Haenszel risk
estimate for medium intake of 0-74 (p=0-12) and for
high intake of 1-04 (p=0-86). In contrast, when intake
of nitrates or nitrites was stratified for vitamin C the
Mantel-Haenszel risk estimate was 0-94 for medium
intake of nitrates or nitrites and 2-44 (p<<0-001)
for high intake. The Mantel-Haenszel extension test
showed a significant trend for intake of nitrates or
nitrites, but the trend was not linear. Thus foods rich
in nitrates or nitrites may be a risk factor for diabetes
but those rich in vitamin C are not.

Table V shows the trends and the standardised odds
ratios for insulin dependent diabetes according to the
frequency of intake of nutrient and additive risk
factors. Standardising the odds ratio for potential
confounders had little influence on the odds ratios or
trends. Furthermore, no correlations were found
between frequency of intake of different nutrients
and indices of social class such as occupational or
educational state of the parents.

Discussion

The study shows that a high frequency of intake of
solid foods rich in protein or carbohydrate, or foods
containing nitrosamine compounds may increase the
risk for insulin dependent diabetes in humans. Since
streptozocin was shown to induce diabetes in experi-
mental animals® it has been clear that toxic agents,
possibly introduced by food, might cause the destruc-
tion of B cells. Streptozocin is chemically related to the
nitrosamines and other similar compounds may occur
in food products or be synthesised in the stomach from
nitrates or nitrites.”’ Our observation that there was a
dose response relation between frequency of intake of
foods containing nitrosamine and the risk of children
developing insulin dependent diabetes seems to con-

TABLE V—Odds ratios for risk of developing diabetes in childhood according to frequency of intake of various nutrients and food additives and

standardised for potential confounders

Protein Carbohydrate Nitrosamines Nitrates or nitrites

Odds ratio Low Medium High Low Medium High Low Medium High Low Medium High
Crude 1-0 234 549 1-0 1-33 435 1-0 173 2:56 10 0-84 241
Standardised for:

Age 10 2-42 5-44 1-0 4-2 1-0 2-56 10 0-85 2:37

Sex 1-0 2:32 5-51 1-0 1-32 471 1-0 1-73  2-58 1-0 0-84  2-45

Maternal age 1-0 219 498 1-0 1-48 437 1-0 1-75  2-47 1-0 077  2:36

Maternal education 1-0 2:39 563 10 1-37 458 10 1-86  2:58 1-0 0-88 2-88

Family history of insulin dependent 1-0 2:73 5-42 1-0 432 1-0 2-57 1-0 0-89 2-68

diabetes
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firm that frequent and perhaps long term exposure to
these compounds is also toxic to the human B cell. The
trend for foods rich in nitrates or nitrites was more
difficult to interpret.

During the past few years proteins and certain amino
acids have been suggested to be triggers of insulin
dependent diabetes in the BB rat.” Our finding of a
dose response relation between the risk for insulin
dependent diabetes in childhood and frequency of
intake of nutrients rich in protein is therefore of
interest. Protein from cows’ milk may trigger the
autoimmune response that destroys B cells in labora-
tory rats, and as children who develop diabetes are
often breast fed for a shorter period*" it has been
suggested that proteins in cows’ milk are also risk
factors for human diabetes.”” Our separate analysis for
milk and milk combined with milk products showed
no clear indication that milk is a risk factor for insulin
dependent diabetes; rather a tendency to a decreased
risk was noted. As Swedish children drink milk very
frequently a much larger study might be necessary to
clarify any possible effect of milk proteins.

A high frequency of intake of foods rich in carbo-
hydrate also seemed to increase the risk for insulin
dependent diabetes in our study; the dose response
curve was non-linear, implying a threshold effect.
Many of the foods rich in carbohydrate are also rich in
wheat gliadin. Our findings could therefore support
the hypothesis that gliadin proteins might be harmful
to the B cell, at least in BB rats.” Alternauvely, a
frequent intake of food rich in carbohydrate might well
be considered as a stress for the B cell and fits well with
the hypothesis that B cells stimulated by glucose are
more susceptible to cytotoxic action of interleukin 1 or
tumour necrosis factor in experimental models." This
is also in accordance with our findings of a higher
frequency of snacks among diabetic than among
control children.

As in all case-control studies many sources of errors
must be considered. Firstly, the number of non-
responders in our study was higher among controls
than among diabetic children; secondly although we
found no specific selection with regard to age, sex, and
county of residence among the non-responders, a
higher proportion of non-responders could have been
in the lowest and highest social classes." Maternal
education, however, an important determinant for
social class, had no effect on the significant trends for
any of the nutritional risk factors for insulin dependent
diabetes. Furthermore, a hypothetical calculation
adjusting for the difference in the number of non-
responders in the two groups showed that the odds
ratio for high frequency of intake of protein would
become insignificant only if more than 92% of non-
responding controls had a protein intake exceeding the
75th centile of frequency, as calculated from the results
of all participating responders.

An incorrect classification or missed case of insulin
dependent diabetes is unlikely to have occurred in this
study, as the study base was ascertained through the
Swedish childhood diabetes registry, which covers
more than 99% of all cases in children aged 0-15.° The
possibility of incorrect recording of frequency of
consumption of nutrients is much larger. This type of
questionnaire on food frequency has been widely used
in other studies because it is cost effective, but it will
give only qualitative and not quantitative information
on intake of different foods. The questionnaire that we
used has been evaluated in a group of healthy and
diabetic children and compared with seven day pros-
pective food records. No systematic differences were
found between diabetic and non-diabetic children,
although the evaluation showed that the questionnaire
had a rather low sensitivity (0-4-0-5) but a high
specificity (0-9-1-0) compared with the seven
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day prospective food diary."™ The specificity and sensi-
tivity in this context defines the ability of the question-
naire to identify correctly high and low consumers of a
specific nutrient. Nevertheless, the decrease in sensi-
tivity as well as that in specificity was independent
of disease and thus the questionnaire would under-
estimate relative risks.

The most serious problem in a case-control study of
this kind is the possibility of biased misrecording of
food intake: parents of children who had developed
diabetes had all recently received dietary information
from the hospital dietitian, and this information might
have affected their responses despite their being told to
report on eating habits before any possible change in
diets. Again, results from a previous study would
suggest that such misrecording does not occur.™
Our results did not show any systematic trend —for
example, parents of diabetic children did not report
either an idealised or a contrasting diet compared
with that recommended for diabetes. Thus diabetic
children were reported to have a high frequency of
consumption of monosaccharides or disaccharides and
fat as well as fibre and vitamin C. Further, the diabetic
children or their parents were unlikely to have been
aware that foods containing high amounts of nitro-
samine, nitrates or nitrites, or protein were associated
with insulin dependent diabetes. Nevertheless, the
results should be considered with great caution and
only a large prospective study, which would be
extremely expensive in terms of time and money, can
finally confirm these results.

The study was supported by grants from the Swedish
Medical Research Council (Project number 07531), the
Karolinska Institute, the Nordic Insulin Foundation, the
Swedish Diabetes Association, Svenska Diabetesstiftelsen,
NOVO company, and Forenade LIV (Mutual Life Assurance
Company).
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Has the prevalence of asthma increased in children? Evidence
from the national study of health and growth 1973-86

P G J Burney, S Chinn, R J Rona

Abstract .
Objectives—To estimate .changes in the preva-

lence of reported symptoms of respiratory disease

and reported diagnoses of asthma and bronchitis in

primary school children in England between 1973

and 1986.

Design— Mixed longitudinal survey.

Setting—Representative  sample
primary schools in 22 areas.

Participants—15000 Boys and 14156 girls each
studied at least once between 1973 and 1986.

Data collected— Whether, according to the parent
or guardian, the child had wheezed, wheezed on
most days or nights, or had attacks of bronchitis or
asthma in the past year.

Results—Within age groups trends in successive
annual cohorts showed an increasing prevalence of
asthma for each annual birth cohort (boys, 6-9%,
p<<0-001; girls, 12-8%, p<0-001) and of wheeze
on most days or nights (boys, 4:3% per cohort,
p<0-001; girls, 6-1% per cohort, p<<0-001) and a
falling prevalence of bronchitis (boys, —4-7% per
cohort, p<0-001; girls, —5-8% per cohort, p<<0-001).

of English

There was a smaller increase in the prevalence of-

wheeze whether or not it occurred on most days or
nights, and this increase was significant only among
the girls (boys, 1:0% per cohort, p>0-05; girls, 1-7%
per cohort, p<<0-05). Although the rate of increase of
‘“asthma” was greater than the rate of decrease in

“bronchitis,” the baseline prevalence of asthma was -

much lower than that of bronchitis, and the total
proportion of children with either diagnosis declined
slightly over the whole period. The main change was

an increase in the proportion of children whose -

parents stated that they had persistent wheeze and
yet did not have a report of either “asthma” or
“bronchitis.”

Conclusions—These results suggest that there has
been a true increase in morbidity that is not simply
due to changes in diagnostic fashion. The increase is
large enough to explain much if not all of the increase
in admission to hospital and mortality, and it

underlines the importance of an understanding of the -

aetiology of asthma in tackling the causes of the
recent increase.

Introduction

Mortality from asthma among 5-34 year olds
increased between the mid-1970s and the mid-1980s."'
This increase was the more surprising as mortality had
been falling in most conditions for which there was
effective prevention or treatment.” At the same time

more c¢hildren with asthma had been admitted to
hospital’* and consultations with general practitioners
for asthma virtually doubled between 1970-1 and
1981-2.*

Each of these changes could be due to a change in
medical ‘practice, including a change in the use of
diagnostic labels, or to a change in the prevalence of the
disease. There is some indirect evidence that the
prevalence of asthma may have beén increasing, but
other evidence suggests that there has been no change.
Smith found an increase in the prevalence of asthma in
Birmingham in ‘the 1960s,’ but this evidence was
collected at a time of great demographic change
when the city was being largely rebuilt. Wadsworth
compared those who had been studied in the 1946
national perinatal survey with their firstborn offspring

.-and showed that the children had a threefold greater

chance of having been treated for asthma before their
fifth birthday,’” but this could have been explained by
differences in management or differences in diagnostic
practice. Hill ez al estimated that the prevalence of
wheeze in Nottingham schoolchildren increased

.1-28% between 1985 and 1988 and suggested that

the large increase in estimated ‘“‘asthma” was due
to a change in diagnostic labelling.® More recently
Burr et al showed increases between 1973 and 1988 in
both symptoms and bronchial response to exercise in
12 year old children attending schools in Caerphilly.®
On the other hand, Hay and Higginbottam,
Anderson, and Hill et al have all pointed to the lack of
any trend over time in the results from published
surveys reporting the prevalence of asthma.'™' As
Anderson points out, however, the interpretation of
this evidence is difficult because the methods used

"in each survey are different and estimates of the

prevalence of asthma are likely to be sensitive to these
differences."” Geographical variation in the prevalence
of asthma would also confound any estimate of trend

- from these data.

Indications that asthma may be an increasing
problem are not confined to the United Kingdom.
Upward trends in mortality have also been noted

:in New Zealand, France, Germany, Denmark, and

possibly the United States.'*'* Upward trends in
hospital admissions have also been noted in New
Zealand and the United States."” "

This paper reports trends in the prevalence of
respiratory conditions, including both diagnoses and
symptoms, reported by the parents and guardians of
children in the ‘national study of health and growth
between 1973 and 1986. Estimates of the trends in
prevalence have been made for cohorts of children
living in England and born between 1961 and 1981.
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